Background: Skinfold thickness (ST), waist circumference (WC) and hip circumference (HC) measurements are simple methods for assessing fat tissue at defined body parts. We examined these parameters in a cohort of healthy children and adolescents in Leipzig. Our study provides current percentile curves for biceps, triceps, subscapular and iliac crest ST, plus WC, HC, waist-to-hip ratio and waist-to-height ratio. Methods: 6,344 visits were recorded involving 2,363 individuals from 3 to 16 years in age. Continuous age-and gender-related percentiles (3rd, 10th, median, 90th, 97th percentiles) were estimated using Cole's LMS method. Results: For biceps and triceps ST, boys show a peak at the beginning of adolescence with a subsequent decrease, while percentile values among girls rise across the age range. Subscapular and iliac crest percentiles also show increasing curves with disproportionately high values for P90 and P97. Boys show higher values of WC, girls have higher levels of HC. WC and HC median percentiles constantly increase in both sexes with a plateau at the age of 16 for girls.
Introduction
Germany has witnessed an increase in the prevalence of obesity and overweight in line with the global trend, and though levels have stabilized they remain worryingly high: 15.4% of German children aged 3-17 are overweight, including 5.9% (of the total) who are obese [1] . Compared to the reference populations from 30 years ago, we observe a 50% increase in overweight in children [2] . It is well known that overweight in childhood is associated with overweight or obesity in adulthood, and there is a higher probability that such individuals will remain overweight, with the accompanying risk of comorbidities [3] . Furthermore, it constitutes a direct risk factor for metabolic syndrome [4] : in children, obesity -especially with high levels of visceral adipose tissue -affects the composition of serum metabolome [5] and is associated with increased intima-media thickness [6] , higher lipid and blood pressure levels [7, 8] , and a greater risk of developing coronary heart disease in later life [9] . Obesity is characterized by a pathologically increased body fat percentage (BFP) of the total body mass [10] . The BMI (in kg/m 2 ) is a recommended measure of body fat [11] ; it is used to define overweight and obesity and thereby utilized as a predictor for cardiovascular risk [12] . Ageand sex-related BMI percentiles are used for children and adolescents with cutoffs for overweight (> 90th percentile) and obesity (> 97th percentile) [13] . The determination of body composition and BFP are highly relevant to assessing the validity of anthropometric measurements like the BMI in pediatrics, as BMI is calculated from weight and height measurements without considering BFP, which changes naturally during childhood and adolescence [14] . A BMI measurement may indicate a high weight rather than a high BFP [15] , something that becomes particularly apparent in boys during puberty [16] . There are several methods to assess BFP: magnetic resonance imaging (MRI), which makes it possible to measure visceral as well as subcutaneous adipose tissue; dual-energy X-ray absorptiometry (DXA), which is still the gold standard in most studies; hydrodensitometry [17] ; and ultrasound [18] . However, these examination methods are expensive, time-consuming, or involve radiation exposure, making them unsuitable for use in pediatric examinations or even as a screening instrument. Skinfold thickness (ST) is measured in the context of anthropometric surveys to assess the BFP indirectly. Measurements are done using a caliper on skinfolds at defined parts of the body, e.g., over the biceps or the triceps as well as subscapularly und suprailiacally. ST is assumed to measure the amount of subcutaneous fat tissue, which correlates with total body fat [19] . Various studies recommend ST measurements as the preferred screening tool in adolescents because ST predicts adult body fatness better than adolescent BMI and provides more accurate estimates of adiposity [20] [21] [22] .
In Germany, several ST percentile curves from local studies are available, for instance those using representative samples from the populations of Jena [23] , Saarland [24] , and Nuremberg [25] . Using Slaughter's equations of BFP it is possible to estimate the BFP for the different age-and gender-related percentiles from the triceps and subscapular ST [25] . Kromeyer-Hauschild et al. [23] described a significant increase of BFP compared to data from children in 1975. Waist (WC) and hip circumferences (HC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) are further parameters for determining body composition and assessing risk factors. WC in children and adolescents can vary depending on age, sex and ethnic group [26] , while HC is additionally influenced by bone structure (pelvis width) and muscle mass. HC is not commonly used as parameter in its own right, but rather for calculating indices such as WHR or WHtR. WHR (WC/HC) cutoff points are used to categorize the distribution of body fat in adults with the same BMI and help to define overweight in terms of "apple shape" or "pear shape." It is known that central obesity (apple-shape, high WHR) contributes a higher risk than general obesity [27] . However, to date there are no established cutoffs for clinical practice with children and adolescents [28] , likewise with WHtR, which is
Participants and Methods

Study Design
The data were collected as part of the LIFE Child study in Leipzig, Germany. The LIFE Child study is a longitudinal population-based cohort study based at the Leipzig Research Center for Civilization Diseases (LIFE). The study aims to examine the environmental, genetic, and metabolic factors that influence the development of civilization diseases in children and adolescents [40, 41] .
Setting
In accordance with German data protection law, data has been pseudonymized. Every visit to the study center includes clinical history and examination, anthropometry, blood collection, urine samples, and different age-dependent questionnaires and examinations. The children and their parents are asked to attend an annual follow-up appointment [41] . ST measurements are taken from age 2 upwards. Only cases with complete datasets of ST measurements, WC, and HC from the LIFE Child health cohort were included in the analysis.
Participants and Variables
The participants are primarily healthy (not suffering from any chromosomal or syndromic diseases) children and adolescents from Leipzig and its environs. The variables considered are: triceps, biceps, subscapular and iliac crest ST; WC and HC; and WHR, WHtR and BMI, with participants grouped according to sex and age.
Data Sources/Measurements
The measurements were taken during anthropometry assessment of the participants by trained and certified observers. The measurement of ST (calipometry) was taken using a "Holtain" (Holtain, Crosswell) or "Harpenden Skinfold" (Baty International, Burgess Hill) caliper with a dial graduation of 0.2 mm. The ST was measured on the right-hand side of the body. Participants had an upright posture with relaxed arms. Triceps skinfold was measured over the midpoint of the triceps muscle between the olecranon process and the acromion. Biceps skinfold was measured over the midpoint of the biceps muscle between the olecranon process and the acromion. The subscapular skinfold was measured just below the right scapula, with the fold pinched to run at an angle of 45° to the spine. The iliac crest skinfold was measured in the mid-axillary line parallel to the iliac crest. Every skinfold measurement was taken three times in succession, and the median of the three values was used. BMI was ). Body weight was measured in light underclothes to an accuracy of 50 g using a "Seca 701" calibrated electronic scale (Seca GmbH and Co. KG, Hamburg, Germany). Height was measured to an accuracy of 0.1 cm using a "Dr. Keller I" stadiometer (Längenmesstechnik GmbH Limbach, Limbach-Oberfrohna, Germany). Circumferences were measured using a "Picco" tape measure (Hoechstmass Balzer GmbH, Sulzbach, Germany). WC was measured as the smallest circumference between the rib cage and the superior border of the iliac crest at the end of expiration. HC was measured at the greater trochanters at the widest part of the hips. WHR was calculated as WC (cm) divided by HC (cm). WHtR was calculated as WC (cm) divided by height (cm). Socioeconomic status was determined using the "social class index" [42] , which considers the educational level, income and professional status of the participants' parents. To calculate this index, a points system is used, and families are classified as having low level (3-8 points), middle level (9-14 points) or high level (15-21 points) social status. BFP (%) was estimated using the BFP equations of Slaughter et al. [43] for white children and adolescents. The male participants are separated into age groups to offer analysis at different levels of maturity; the equations can be found in the supplementary material (available at http://content.karger. com/ProdukteDB/produkte.asp?doi=494767).
Study Size 6,344 cases with complete ST, HC and WC measurements were available (2,980 involving girls, 3,364 involving boys) representing 2,363 individuals (3-16 years, LIFE Child cohort) from 1,710 families. Due to the small number of subjects younger than 3 or older than 16 attending the examinations, the age range was reduced to 3 up to 16 years (16.99). The resulting data were used for the calculation of the percentile curves.
Statistical Methods
Data analysis was carried out using R (Version 3.4) [44] and the methods provided by the GAMLSS package [45] . Plausibility was tested for all data. Beyond that, no outliers were excluded. Age-and sex-related percentile curves for the particular skinfolds were estimated assuming an underlying four-parameter Box-Cox power exponential distribution [46] as an extension of the LMS method [47] . As LIFE Child recruits whole families with more than one child and has a longitudinal study design, our data contain measurements for siblings and also multiple measurements from individual children. For this reason, a resampling method was used to allow the inclusion of all measurements in the modelling of reference curves [48, 49] . Percentile curves were calculated for the 3rd (P3), 10th (P10), 50th (M, median), 90th (P90) and 97th (P97) percentiles. Model quality was controlled using worm plots [50] .
Results
Participants
The reference population comprised young people from 1,710 families, producing a total of 6,344 cases (46.9% female cases) (of complete ST, HC and WC measurements), which provided the basis for determining percentiles. The cutoffs for defining underweight, overweight and obesity were the 3rd, 90th and 97th percentiles of the age-and sex-adjusted BMI distribution [13, 51] , respectively. In 5.5% of cases, the participants were overweight (169 female, 182 male), in 2.8% they were obese (92 female, 90 male) and in 8.7%, they were underweight (253 female, 301 male). In 82.6% of cases (5, 254) , the children and adolescents were normal weight. The mean BMI-SDS was -0.036 among girls and -0.073 among boys. The mean age was 9.97 years for girls and 9.84 years for boys. The socioeconomic status of 10.0% 
Percentiles of ST, WC, HC, WHR, and WHtR in a Healthy Cohort
Age-and sex-related smoothed percentile curves for each skinfold are shown in Figure  1 ; percentile curves for the waist and hip parameters are represented in Figure 2 . The tables can be found in the supplementary material. For each gender, the reference intervals are represented in online supplementary tables 1-16 (available at http://content.karger.com/ ProdukteDB/produkte.asp?doi=494767) as the values of the 3rd, 10th, 90th and 97th percentiles in addition to the median (M = 50th percentile). The tables also contain the following parameters, which describe the age-based distribution: sigma (σ, scale), nu (ν, skewness), and tau (τ, kurtosis, only for ST). The median triceps ST percentile (M) shows a decrease in boys and girls starting at the age of 3. In boys, the values increase from the age of 7 until they reach a peak at 12 years with a subsequent decline. In girls, we see increasing values from 6 years upwards until the age of 16. Girls have higher ST than boys from 4 years upwards, and the difference increases during adolescence (12-16 years), an effect mainly induced by the reduced ST in boys. We found similar trends regarding the biceps ST curves: there is a decrease in both sexes until the age of 6 years for girls, and until 7 years for boys. From this point on, we see ST rising in both sexes, but again with the boys' measurement peaking at the age of 12 in contrast to the girls' values. We see higher values among girls than we do among boys of the same age, across the whole age range. From the age of 3-6, there is, again, a decrease in the percentile curves for subscapular skinfold. In contrast to the triceps and biceps median percentile curves, this one shows a continuous increase for boys of this age except in the most extreme percentile (P97). Girls' subscapular ST is higher than the boys' values in all but the 90th and 97th curves. Among boys, the values for the 97th percentile in particular show a large increase in adolescence. Female iliac crest ST percentiles follow a continuous upward trend with increasing age, whereas male percentiles decrease up to the age of 5.5 with a subsequent increase. Iliac crest ST values for most percentile curves among the girls are higher than those for the boys. The 97th percentile is an exception for boys in adolescence: from the age of 10.5 it exceeds the values of the girls, reaching its peak at the age of 13.5 followed by a decrease. Overall, we see two different patterns in the trends of the ST percentile curves: in the biceps and triceps ST, the boys' values peak at the beginning of adolescence, with a subsequent decrease, while girls' percentiles rise across the age range. Among the subscapular and iliac crest ST values, there is no peak in the boys' median values (P50) but the curves all rise with increasing age, with particularly high values for P90 and P97. All percentiles (except the iliac crest curves for the girls) decrease during preschool age and increase from the age of approximately 6 years.
Female and male median HC percentiles (M) increase starting at the age of 3. While the boys' median percentile shows a continuous increase, the girls' median percentile levels slightly at the age of 16. All percentile curves show similar trends in both sexes, but the values for girls are higher overall. We found similar trends regarding the WC percentile curves: we see a relatively constant increase of the median percentiles from 3 to 16 years in both sexes with a plateau at the age of 15.5 for the girls. Overall, the 97th percentiles show a large increase in adolescence and boys show higher values in all WC percentile curves with an increasing difference between both sexes. Both female and male WHR percentiles follow a downward trend with increasing age. We found a slight increase in WHR percentiles at the age of 16 for the boys in contrast to the girls' values. Values for boys are higher than those for girls of the same age across the age range and we see an increasing difference due to the increase in the boys' values towards the age of 16. The median WHtR percentiles show a decrease in both Smoothed percentile curves for hip circumference (cm), waist circumference (cm), waist-to-hip ratio and waist-to-height ratio in females/males aged 3-16, based on the reference population of the LIFE-Child cohort (total: n = 6,344). Curves included are for 3rd (P3), 10th (P10), 50th/median (M), 90th (P90) and 97th (P97) percentiles. sexes with a plateau at the age of 12.5 for the girls and increasing values at the age of 15.5 for the boys. The 97th percentile of both sexes differs most significantly from these trends: after a decrease, we see increasing values from 8 years up to the age of 13, followed by a decline. All WHtR percentiles show slightly higher values for boys.
Discussion
In this paper, ST, WC, HC, WHR and WHtR values are used as a measurement of BFP and body fat. As we see different trends for the specific anthropometric data, the combination of different measures provides more information compared to the use of BMI as a sole parameter for overweight or obesity. The subscapular and iliac crest skinfolds, localized at the trunk of the body, show continuously increasing values in line with the increasing BMI during childhood and adolescence. The continuous increase of HC and WC as dimensions of trunk body fat fits these increasing ST values, especially during adolescence. In contrast, the two skinfold values measured on the arm close to defined muscles show a peak for boys. This can be explained by the testosterone-mediated muscle growth during puberty [52] . Using Slaughter et al.'s BFP equations, it is possible to estimate the BFP for the different age-and gender-related percentiles. According to these estimates, BFP of the median percentile is the same at the age of 3 for both sexes (approximately 15.7%). At the age of 6, girls show a slightly higher BFP of 14.5% compared to the boy's median percentile (13.6%). This difference increases up to the age of 16 (girls: 25.0%, boys: 14.2%) in spite of the peak in the male triceps SF values at the age of 12 (girls: 20.4%, boys: 16.5%). Schwandt et al. [25] calculated the BFP of children in Nuremberg aged 3 to 18 years. Their calculations show a higher median BFP in females than in boys and a peak for boys at the age of 11, which is in line with our results. In comparison with their data, our values are higher overall. Among participants in the 97th percentile for triceps and subscapular ST, we estimated a BFP of up to 54.6% for girls and 48.1% for boys, which are much higher values than those presented by Schwandt et al. [25] .
Higher values for girls are a feature of HC and all ST percentiles; WC percentiles are an exception with higher values for boys. Since the HC is influenced by bone structure, gluteal muscle mass and the subcutaneous fat tissue, it is rarely used on its own [53] . Rather it tends to feature in combination with other parameters such as WC or height: we see higher values of WHR for boys across the whole age range and an increasing difference between the sexes. This is due to the increasing values among boys at the age of 16 in contrast to the still decreasing values in girls. In total, the median WHR shows a decrease of 16.3% for boys and 22.5% for girls. This higher figure for girls is due to the increasing HC and formation of the waist during puberty [54] . Different studies note critically that a reduction of body weight is associated with a reduction of both WC and HC. As such, the WHR does not change despite slimmer body proportions [26, 55] . However, WHtR shows gender-specific trends: in girls it levels off at the age of 12.5; in boys we see an increase at the age of 15.5 with slightly higher values at 16.5 compared to girls. These results may be influenced by the difference in growth patterns, with girls reaching their final height around 16 and boys reaching theirs around 18 [26] .The respective trends for skinfold percentiles have also been a feature in other comparable studies of German cohorts. The KiGGS study [56] provides data for triceps and subscapular ST of healthy children aged 3 to 18 years measured at different examination centers all over Germany. Their results also show higher ST for female subjects in general as well as similar trends of percentile curves including the peak of boy's triceps ST at the age of 12. Over all, the ST percentiles of the KiGGS study, especially those of the triceps, are higher than those in our study. But the boy's subscapular ST percentiles show lower values for the 90th and 97th percentile up to the age of 6-7 years and from 12-13 years on (Fig. 3) . Our results for ST also are comparable to those of international studies, such as recent data from Canada [56] and Norway [57] . Only in Chinese children, the ST values seem to be much higher than those from similar cohorts, which underlines the role of ethnicity [16] . The KiGGS study provides data for HC, WC, WHR, and WHtR in children aged 11-18 years. Our data therefore provide additional information about development during childhood. The KiGGS' HC percentiles show a very similar course to ours, but its values for P90 and P97 are higher, probably due to the BMI distribution across the participants. Furthermore, the KiGGS' percentiles for WC show higher values for all curves, but different trends for P90 and P97, with an increase at the age of 13.5 in girls, in contrast to the decline revealed in our data. Our trends for WHR are very similar to the KiGGS' percentiles, though again with higher values for all KiGGS percentiles and more pronounced differences for WHtR percentiles: we see much higher WHtR values, in particular, at the beginning and end of the age range of the KiGGS' cohort (Fig. 4) . In comparison to data for adolescents aged 12-18 years from the Bavarian Family Heart Study [20] our circumference values are lower overall. Waist and hip parameters are also comparable to those of international studies from Canada [56] , Great Britain [58] , and Brazil [59] . WC and WHtR in Greek adolescents [16] and WC in Chinese children seem to be higher than in our participants [60] . In general, not many studies include preschool children; therefore, our circumference data provide additional important and recent information. Several percentile curves show interesting, if subtle, trends at the end of the studied age range, for example the plateaus in female WC and HC percentiles in contrast to the increasing ) www.karger.com/ofa male WC and HC percentiles or the slight increase in boys' WHR and WHtR percentiles at the age of 16. It will be interesting to explore these developments in upcoming analyses.
Looking at the parameters separately, we see differences in the prevalence of values > 97th percentile: 2.4% of the examined cases have WC values > 97th percentile compared to 2.8% with values > 97th percentile for BMI. The prevalence of cases with WHR or values for the sum of triceps and subscapular ST > 97th percentile (2.2 and 2.4% respectively) is lower than for BMI. In our cohort, the percentage of cases of overweight, defined by the cutoff of the 90th percentile of BMI, was 5.5% compared to 6.6% of cases > 90th percentile value for the sum of triceps and subscapular ST. 5.8% of the WHR values and 5.4% of the WC values of the examined cases are located above the cutoff of the 90th percentile. The greater prevalence of > 90th percentile cases for the sum of triceps and subscapular ST, in comparison with > 90th percentile values for BMI, can largely be attributed to the enrichment of the sample group for the first measure with male cases. Thus, ST measurement may be a helpful examination for identifying subcutaneous fat tissue and high BFP in normal-weight boys.
Overall, our results are consistent with comparable studies of healthy German children. One limitation of our results may be the underrepresentation of overweight and obese children compared to their prevalence in the wider German population [61] . As the complete LIFE Child study contains a subcohort enriched with overweight and obese children, we tested an inclusion of these cases in our calculations. But while this leads to an enrichment in the obese sector of to 9.9%, it only raises the quota of overweight cases to 7.3%. As such, we decided not to include this subcohort, because of the unbalanced enrichment and level of measurement inaccuracy, which is particularly high in these sectors [62] . As high BMI levels are associated with low socioeconomic status [2] , our results could be affected directly and indirectly by the distribution of social status in our cohort with an enrichment in middle and high social levels compared to reference cohorts such as KiGGS (27.8% low, 45.3% middle, 25.1% high social level) [41, 63] . As with the wider population of Leipzig, the majority of the young participants were Caucasian. This may limit the comparability of our data to those of other countries, because both socioeconomic status and ethnic differences influence overweight and obesity prevalence rates [64] . Furthermore, a general problem in dealing with ST is measuring inaccuracy, especially in overweight individuals [62] . We minimized this inaccuracy by using the median of 3 measurements for each skinfold, and having skilled investigators perform the examinations using standardized procedures and the same caliper models. The main advantages of our study design are the relatively large age range, the standardized examination setting, the large number of participants and, especially for upcoming analyses, the longitudinal character of the project, which offers the opportunity to observe developments in the anthropometric data of single individuals over time.
Conclusion
Our analysis has produced current percentile curves for biceps, triceps, subscapular and iliac ST, and WC, HC, WHR and WHtR in children and adolescents. These curves have been defined by modern statistical methods and can be used to identify abdominal obesity in young people. We found gender-related differences in distribution of fat tissue and trends in fat Smoothed percentile curves for hip circumference (cm), waist circumference (cm), waist-to-hip ratio and waist-to-height ratio in females/males aged 3-16, based on the reference population of the LIFE-Child Cohort (total: n = 6.344) in comparison with the KiGGS' data (dotted lines). Curves included are for 3rd (P3), 10th (P10), 50th/median (M), 90th (P90) and 97th (P97) percentiles.
